Ethanol enhances inward rectification in rat locus ceruleus neurons by increasing the extracellular potassium concentration.
The effect of ethanol on the current-voltage relationship of rat locus ceruleus (LC) neurons was examined under voltage-clamp conditions in a totally submerged brain slice preparation. LC neurons have the classic K(+)-specific type of inward rectification (IR), which is blocked by Ba++ and Cs+. Ethanol (40-200 mM) was found to enhance IR in LC neurons; it increased both the maximal slope conductance and shifted the voltage range for activation of IR in the depolarizing direction. These effects of ethanol were concentration dependent and fully reversible on washout. When IR was blocked with Ba++ or intracellular acetate, ethanol increased the slope conductance of the linear current-voltage relationship but did not restore IR. Ethanol also reduced the amplitude of afterhyperpolarizations that follow individual action potentials and trains of action potentials in LC neurons. Ethanol caused a depolarizing shift in the K+ equilibrium potential and its effects on IR could be mimicked by an increase in the K+ concentration in the medium. Specifically, 100 mM ethanol, on average, shifted the K+ equilibrium potential by 6.3 mV and its enhancement of IR was mimicked by an increase in the external K+ of 0.5-0.7 mM. From these data, it was concluded that ethanol enhances IR in LC neurons by increasing the extracellular K+ concentration.